The water quality of seafronts and beaches of Mumbai is under pressure and deteriorating due to discharge of partially treated sewage and wastewater through point and nonpoint sources. The objective of the study was to assess the water quality and to correlate physico-chemical and bacteriological parameters for establishing relationship, association and dependence on each other.
INTRODUCTION
Seafronts and beaches are always tourist attraction for the recreational purpose. The choice of beaches that tourist choose depends on the quality of environment and mainly near shore water quality (Kuroshima et al. ) . Mumbai is located at west coast of India and it is one of the most important tourism points of the region. Due to impact of industrial and commercial growth of Mumbai, the near shore water quality has come under pressure (Kamble & Vijay ) . Also increase in population has augmented disposal of raw and partially treated sewage through point and nonpoint sources resulting in further deteriorating of water quality (Gupta et al. ; Dhage et al. ) . The present wastewater discharges on the Mumbai west coast have created many critical areas where water quality is severely impaired in terms of physicochemical and bacterial indicators (Kumar et al. ) .
The area is about 437.71 km 2 and lies between 18 W 55 0 to 19 W 20 0 N latitude and 72 W 45 0 to 73 W 00 0 E longitude with 11.9 million population as per 2001 census (Vijay et al. ) . There are total four seafronts and thirteen beaches in west coast of Mumbai (Figure 1 ). Some of the major beaches/seafronts like Nariman Point, Breach Candy, Worli and Bandra are situated towards the lower side while Erangal, Aksa, Marve, Manori and Gorai are situated on the upper side of region. The nallah at Cleaveland Bunder joins the seashore between Worli and Dadar, Mithi River joins Mahim beach and Malad and Marve creek join Versova and Marve beach respectively. For effective pollution control and water resource management, it is required to interpret a large number of water quality data (Koklu et al. ) . Many water quality programs results in large data sets which are difficult to analyze because of latent interrelationships among parameters and monitoring sites (Zhou et al. ) . For this purpose, a number of statistical methods such as factor analysis, discriminant analysis, principle component analysis, correlation matrix, biplots and box plots can be employed (Huang et al. ) .
The objective of the study was to assess the seasonal water quality of beaches and seafronts of Mumbai and to correlate physico-chemical and bacteriological parameters for establish relationship, association and dependence on each other. Based on Sea Water standards (SW-II) specified by Central Pollution Control Board, India (CPCB ), water quality parameters such as pH, turbidity, dissolved oxygen (DO), biochemical oxygen demand (BOD) and fecal coliform (FC) were selected for the present study. Additionally to assess the influence of sewage on water quality, nutrients parameters like ammoniacal nitrogen (NH 3 -N) and phosphate (PO 4 -P) were also chosen. SW-II standards are designated for bathing activities, contact water sports, recreation and commercial fishing.
MATERIALS AND METHODS
The methodology is divided into two parts. The first part is comprised of water sampling and analysis and second part comprised of seasonal variations in water quality using statistical analysis (Box and whisker plots) and correlation analysis amongst them (Pearson). 
Data collection and analysis
For evaluation of water quality at seafronts and beaches, the monitoring program was prepared. The sampling locations were identified in the physical environment using global positioning system and samples were collected using various field instruments and devices. The sampling was carried out during post monsoon (October and November 2006) , winter (January 2007) and pre monsoon (April and May 2007) . During sample collection all the necessary care was taken to preserve the sample for maintaining its composition till the analysis is performed. The samples for microbial analysis were collected in sterile bottles and preserved in ice boxes. Temperature was measured and DO was fixed immediately at the site. The relevant physico-chemical and bacteriological parameters like pH, turbidity, DO, BOD, FC, TC, NH 3 -N and PO 4 were analysed as per standard methods (APHA ).
Statistical analysis
The variation in the water quality parameters were analysed statistically using STATISTICA software. Box and Whisker plots were used to represent seasonal variation in the water quality parameters and data with extreme characteristics. Box plot is useful way of presenting data on individual constituents, which provide visual summaries of the statistical distribution and key statistical characteristics of a data set. Box plots integrate visual effectiveness with numerical information to provide an excellent overview of the data. From a box plot, it is possible to identify many features of the data distribution of a particular variable, including location, spread, skewness, tail length, and outlying data points (Hoaglin & Mosteller ) . The water quality parameters are generally asymmetrical or skewed so it is more appropriate to use the median as the measure of central tendency (Gun et al. ) .
Box plot defined minimum and maximum values at the end of the vertical lines and Small Square inside the box indicated median value. 25th and 75th percentile of the data set indicated as lower and upper edges of box respectively. It also displays lines that extended from each end of the box referred as 'whiskers'. The upper and lower ends of these lines indicated the position of the upper and lower adjacent values. The values which are outside the upper and lower adjacent values are termed as 'Outliers' and values outside the outliers are termed as 'Extremes' (Li et al. ) .
Correlation is one of the most common measure of dependence that describes the degree of relationship between two variables. In the present study the water quality parameters were used as variables. To find the relationship between the water quality parameters, the Karl Pearson's correlation coefficients were established for finding out the probable causes contributing to pollution at seafronts and beaches. The correlation matrix was generated between the water quality parameters using SPSS software. Generally, water quality parameters are associated with each other which indicate the sufficiency of one variable to predict the other (Gholami & Srikantaswamy ) .
RESULTS AND DISCUSSION

Water quality analysis
The range of water quality parameters during post-monsoon, winter and pre-monsoon observed at seafronts and beaches is presented in Table 1 . Temperature variation was observed between 28 to 29 W C. pH was observed in the range of 7.0 to 8.4 within the SW II standards (6.5-8.5) during all the seasons. This pH range is conducive for propagation of aquatic life and will not cause skin or eye irritation (Dhage et al. ) . The turbidity which is caused by suspended and colloidal matter was observed in the range of 11-56 NTU. About 25% samples were exceeding the standards (30 NTU).
As per SW II standards, DO should be more than 4 mg/L. Except at few locations, maximum samples were observed above the standards due to adequate aeration and constant mixing because of tidal waves (Kamble & Vijay ) . No DO was observed during winter and pre monsoon at Mahim beach because of entry of sewage through Mithi river into the beach carrying organic and inorganic waste loads. DO was observed below standards at Dadar during pre-monsoon and Colaba, Manori and Marve during winter.
All the samples were within SW II standard of BOD (3 mg/L) except at Mahim (19 mg/L) during post monsoon. During winter Mahim and Dadar were observed to be most polluted beaches with BOD 38 and 18.8 mg/L respectively. During all the seasons, about 50% samples were within the standards and 30% samples were showing marginal exceedance (Kamble & Vijay ) .
Ammonical nitrogen is one of the nutrient parameters for biological life and also an indicator of recent pollution. Ammonia toxicity will not be problem at pH below 8 and ammonical nitrogen less than 1 mg/L (Sawyer et al. ). NH 3 -N at Dadar and Mahim beaches were found in the range of 2.3 to 7.8 mg/L indicating poor water quality (Dhage et al. ) . Another nutrient parameter soluble phosphate (PO 4 -P) was observed in the range of BDL to 1.2 mg/L. Mahim beach was observed with high soluble phosphate during post monsoon and winter. The anthropogenic additions of phosphorus have a considerable effect on the quality of the water. The quantity of phosphorus in the domestic sewage has increased considerably in recent years due to the increased use of synthetic detergents (Usharani et al. ) .
The bacterial contamination in terms of FC was observed to be above the SW II standards (100 CFU/100 ml) during all the seasons ranging between 10 2 and 10 6 CFU/100 ml. Mahim was found to be most polluted beach with highest FC count 6.8 × 10 8 CFU/100 ml during winter and following in post and pre monsoon. As there is no treatment for bacteria removal, all the beaches were found unfit for contact water sport and bathing due to high levels of FC (Bhagat 
Statistical analysis
Box and whisker plots were generated for pH, Turbidity, DO, BOD, FC, TC, NH 3 -N and PO 4 to evaluate spatio temporal variation and make multiple comparisons between the distributions of parameters and sampling locations ( Figure 2 ). Outliers are represented by small circle and extremes are represented by positive sign in the plot. Dotted line indicated SW II standards for pH, Turbidity, DO, BOD and FC.
Boxplots represent spatio-temporal variation of the water quality skewed for all parameters. pH was positively skewed during post and pre monsoon having same skewness 0.33 and during winter it was negatively skewed with skewness À1 (Figure 2(a) ). Turbidity was found to be positively skewed during post monsoon with skewness 0.38 and negatively skewed during pre-monsoon with skewness À0.21. The measure of skewness during winter was determined À0.06 which indicated almost symmetrical distribution. Significantly deviated turbidity samples were (Marve during post monsoon and Mahim beach during winter and pre-monsoon) found as outliers (Figure 2(b) ).
DO was observed to be negatively skewed during winter and pre-monsoon with skewness À0.47 and À0.33 respectively and positively skewed during post monsoon with 0.11 skewness. Mahim was observed to be significantly deviated during all the season (Figure 2(c) ). The biodegradation 
Seafronts
Nariman Point 28-29 7.4-7.8 14-22 5.7-6.1 1.8-3.1 1.6 × 10 5 -9.0 × 10 5 BDL-0.7 0.04-0.10 Breach Candy 28-29 7.8-7.9 18-21 5.6-6.4 2.6-5.6 4.2 × 10 5 -5.6 × 10 5 0.2-0.2 BDL-0.09
Worli 28-29 7.5-7.9 22-28 5.9-6.9 1.9-2.4 1.7 × 10 5 -5.6 × 10 5 0. Gorai 28-29 7.4-7.9 18-35 5.4-6.8 1.8-6.8 5.8 × 10 4 -3.9 × 10 5 0.5-0.7 BDL-0.08
BDLbelow detection level.
of organic materials exerts oxygen tension in the water and increases the biochemical oxygen demand (Abida & Harikrishna ) . The measures of skewness for BOD were 0.45 and 0.25 during winter and pre-monsoon respectively showing positive skewness and negatively skewed during post monsoon with skewness À0.38. Mahim was observed to be deviating significantly during all seasons following Dadar during post monsoon and winter (Figure 2(d) ). FC and TC both were negatively skewed during all the seasons. The skewness for FC during post monsoon, winter and pre-monsoon were À0.16, À0.68 and À0.43 respectively and the skewness for TC were À0.44, À0.17 and À0.32 respectively. Mahim was observed to be most polluted beach in terms of bacterial pollution. Mahim was observed to be significantly deviating during all the season in terms of TC and FC. Nariman Point and Breach Candy were also found to be deviated during winter in terms of FC and Versova beach during Post monsoon in terms of TC (Figure 2(e) and (f) ).
Ammoniacal Nitrogen was positively skewed during post monsoon and negatively skewed during Pre monsoon with skewness 0.11 and À1 respectively. During winter the measure of skewness determined 0.06 indicated almost symmetrical distribution. During all the seasons Ammonical Nitrogen at Mahim and Dadar were observed to be deviating significantly (Figure 2(g) ). Phosphate was negatively skewed during Post monsoon and Pre monsoon with skewness À0.25 and À1 respectively. But during winter it was positively skewed with skewness 0.83. The significant deviation was also observed during all the season at Mahim and Dadar beaches (Figure 2(h) ).
Pearson's correlations were established amongst water quality parameters for post monsoon, winter and pre monsoon ( Table 2) . Correlation gives the description of relationship, close association and dependence between the physico-chemical and bacteriological parameters. Turbidity showed significant correlation with BOD (Bhandari & Nayal ) and FC (Grimes ) during winter (r ¼ 0.52 and r ¼ 0.62 respectively) and pre-monsoon (r ¼ 0.60 and r ¼ 0.67 respectively) and with PO 4 (r ¼ 0.83) during pre monsoon. No significant correlation with any other parameter was observed during post-monsoon. DO was found to be negatively correlated with other parameters during all the season with correlation above r ¼ À0.47 (Usharani et al. ) . BOD directly affects the amount of DO in water. For high BOD, oxygen deplete rapidly because of consumption of DO by aerobic bacteria ( Joseph ) . The significant inverse correlation with BOD, NH 3 -N and PO 4 indicated that the contamination is derived from sewage through point and nonpoint sources. The organic matter that presents in the sewage consumes the dissolved oxygen (Islam & Tanaka ) . BOD which is strong indicator of pollution was also found to be strongly correlated with FC, NH 3 -N and PO 4 (Venkatesharaju et al. ) which indicates the pollution load at beaches. The microbial population in the coastal water indicated contribution in BOD (Patra et al. ) which shows direct relationship with domestic waste pollution (Hiraishi et al. ) . Fecal coliform was observed to be strongly correlated with nutrients parameters like NH 3 -N (correlation r ¼ 0.96, 0.54 and 0.86) and PO 4 (correlation r ¼ 0.96, 0.90 and 0.94) during post monsoon, winter and pre-monsoon respectively. This correlation indicates that the nutrients help in the growth of microorganism (An et al. ) . The significant positive correlation between NH 3 -N and PO 4 was found with correlation coefficient r ¼ 0.99, 0.69 and 0.82 during post-monsoon, winter and premonsoon respectively which shows significant association between them. This strong relation indicates the presence of nutrients in the beach water.
CONCLUSIONS
Based on water-quality analysis, beaches and seafronts were found to be complied with standards except for FC which indicate bacterial pollution. Therefore, beaches and seafront are unsafe for bathing, contact water sports and recreation as per SW II standards. The results obtained clearly indicated that Mahim was the worst affected beach due to incoming organic load from the Mithi river in comparison to other seafronts and beaches. Seasonal water quality was also presented statistically through box plots which clearly indicated the most polluted beaches as Mahim and Dadar through outliers and extremes. Correlations were also established amongst water quality parameters to find out their relationship and confirmed the impact of sewage discharges on the water quality of beaches and seafronts. The study suggested that the water quality is getting deteriorated which requires urgent mitigation measures. The measures could be improvement in wastewater collection, control of point source discharges on beaches and seafront by rerouting them towards existing sewerage system, appropriate level of treatment and disposal for achieving designated water quality.
